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acclimation, ammonia toxicity, 157
acidity

existing recommendations, 167

water quality, 1667
adrenocorticotropic hormone (ACTH), stress, 13
aeration, transport to slaughter, 228-9
aetiology

fin erosion, 141

skeletal system deformities, 21012

soft tissue deformities, 206
Agriculture (Miscellaneous Provisions) Act 1968,

94

AH&WS see Animal Health & Welfare Strategy
air freight, 187
air lift pumps, harvest, 227
alarm behaviours, fear, 63-6
algesics/analgesics studies, pain, 60-1, 83
alkalinity

recommended level, 167

water quality, 167
allostasis, stress response, 33
ameliorating stress, 41-2
ammonia

chemistry, 153—4

chronic effects, 155-6

factors affecting toxicity, 156-8

feed withdrawal, 220

positive effect, 159

recommended levels, 159

sources, 153

terminology, 153—4

toxicity, 154-8

water quality, 153-9
anaesthesia, defining, 230
analgesia, defining, 230
animal-based parameters, water quality, 173-5
Animal Health & Welfare Strategy (AH&WS), 9
animal welfare, 7-18

attitudes, 8-9

legislation, 9-10

long view, 7-10

moral philosophy, 8-9

religions, 7-8

research, 15

science application, 10-15
scientific philosophies, 11-15
Animal Welfare Act (2006), 9
anti-anxiety drugs, fear, 66-7
anti-predator response, 645
assessing fin erosion, 124-6
assessing welfare
farmed salmonids, 111-12
indicators, 243-67
on-farm trout welfare, 243-67
stakeholder focus groups, 243-67
uses, 265
assessment indices, welfare improvement strategies,
28
associative learning, suffering, 82
attitudes, animal welfare, 8-9
autopsy-based sampling, indicators, 256, 264
avoidance studies
fear, 64
pain, 61
awareness indicators, sedation/stunning/slaughter,
230-1, 232

bacteria, gut, feed withdrawal, 220-1
bacterial gill disease, water quality, 174-5
bacterial kidney disease (BKD), water quality, 175
behaviour

alarm, 63-6

assessing consciousness and sentience,

50-2

cod (Gadus morhua), 26

communication, 129-30

indicators, 248, 255

schooling behaviour, 114, 115

stocking density, 113-14, 115
behaviour indicator, water quality, 174
behavioural changes

brain lesions, 84-6

noxious stimuli response, 60-1, 83-6

stress response, 35, 60-1, 83-6
behavioural effects, fin erosion, 129-30
behavioural responses, fear, 63—6
behavioural status, measuring fish welfare,

23-5
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behavioural variation, 26-7
coping strategies, 26
risk-taking, 27
salmonids, 26-7
benzodiazepines, 66—7
best practice, fish farmer’s perspective, 108-9
bicarbonate, nitrite, 161
biologists, role, 28-9
BKD see bacterial kidney disease
bleed out, 238-9
defining, 230
brain
fish, 22, 80-1
organisation of, 80-1
brain lesions, behavioural changes, 84—-6
brain structures, 80—1
forebrain, 81
pain, 56-9
branding, indicators, 261
British Trout Association Code of Practice,
105
bromide, nitrite, 161
buffering
calcium and magnesium carbonate, 168
water quality, 168

cages, stocking density, 112
calcium and magnesium carbonate
buffering, 168
water quality, 168
carbon dioxide
existing recommendations, 164
toxicity, 163—4
transport to slaughter, 229
water quality, 162—4, 229
carbon dioxide narcosis, 231-3

CAWC see Companion Animal Welfare Council

challenges, fish farmer’s perspective, 109
chickens research, stocking density, 116

chilling, live, sedation/stunning/slaughter, 233-5

chlordiazepoxide, 67

CITES see Convention on International Trade in

Endangered Species
cod (Gadus morhua), behaviour, 26
Code of Good Practice for Scottish Fin Fish
Aquaculture, 105
codes of practice
British Trout Association Code of Practice,
105
Code of Good Practice for Scottish Fin Fish
Aquaculture, 105

Strategic Framework for Scottish Aquaculture in

2003, 97-8
voluntary welfare code, Scotland, 97-8, 105
cognitive capacities, suffering, 867

cognitive processes, 22

spatial learning/memory, 87

stress response, 35
commitment, fish farmer’s perspective, 104-5
communication

behaviour, 129-30

fin erosion, 129-30

indicators, 261
Companion Animal Welfare Council (CAWC),

ornamental fish, 271-2, 274

conductivity, water quality, 169—-70
consciousness

assessing, 50-3

behaviour, 50-2

fear, 65

neuroanatomy/neurophysiology, 52-3

suffering, 79, 82, 87
consumer perceptions, indicators, 261, 265-6
Convention on International Trade in Endangered

Species (CITES), ornamental fish, 280

coping strategies

behavioural variation, 26

stress response, 33, 35
cortisol

bile, 38-9

blood, 38, 41-2

detecting, 39-40

faeces detection, 39-40

index of stress, 3741

modifying factors, 40—1

non-invasive measurement, 39—40

stress, 13

stress response, 34, 3741

variations, 40—1

water detection, 39-40

whole body homogenates, 39
cosmetic manipulation, ornamental fish, 275-6
Council Directive 2006/88/EC, 108
Council Regulation (EC) NO 1/2005, transport, 107-8
crowding, harvest, 221-6

day-to-day indicators, welfare, 255-6
defining conditions, welfare improvement strategies,
27

defining welfare, 19-21, 24
deformities, 202—-16

aetiology, 206

heart abnormalities, 202-5

jaw, 207-9

liver abnormalities, 205-6

pug nose (brachygnathia), 208-9

screamer disease, 207-8

skeletal system, 206—12

soft tissue, 202—-6

swim bladder abnormalities, 205
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detecting stress, 35-41
disease control, fish farmer’s perspective, 103—4
disease treatment, fish farmer’s perspective, 107-8
diseases
see also deformities; medicines
bacterial coldwater disease, 129
ectoparasitic, 200
examples, 198-200
feed withdrawal effects, 196
fin erosion, 128-9
furunculosis, 175, 199
human resources demands, 196
THNV, 128-9
indicators, 249
moribund/dying fish, 195
ornamental fish, 283-5
production diseases, 199
RTFS, 129
salmonid whirling disease, 129
sea lice, 198-9
spreading, 196
stocking density, 115
transport, 191-2
treatments examples, 198—-200
vaccination, 199
water quality, 174-5, 195-6, 200
welfare consequences, 195-6
welfare implications, 195-201
wild fish implications, 196
dissolved oxygen (DO)
ammonia toxicity, 156-7
existing recommendations, 151-2
hyperoxia, 152-3
nitrite, 161
transport to slaughter, 228-9
water quality, 151-3, 156-7, 161, 228-9
disturbance, indicators, 251
DO see dissolved oxygen
domestication, stress response, 41-2
dopaminergic systems,
neuroanatomy/neurophysiology, 52
drugs, anti-anxiety, 66—7
duty of care, indicators, 250-1
dying/moribund fish, diseases, 195

ectoparasitic diseases, treatments, 200

electrical stunning, 97, 237-8

endogenous substances, pain, 59-60

enkephalins, pain, 59-60

environment-based parameters, water quality, 172-3

environmental constraints, medicines, 197

environmental control/monitoring, fish farmer’s
perspective, 103

environmental issues, ornamental fish, 274-5

environmental needs, ornamental fish, 286

environmental quality, indicators, 2545, 263
epidemiological approach, stocking density, 116
ethical issues, 23

evolution, and fish welfare, 21-2

exercise, ammonia toxicity, 157-8

Farm Animal Welfare Council (FAWC)
defining conditions, 27
legislation influences, 96
transport, 188, 189
farm records, indicators, 257, 263—4
farmed fish
fin erosion, 121-49
legislation, 93-8
farmed rainbow trout, water quality, 150-84
farmed salmonids
assessing welfare, 111-12
stocking density, 111-20
welfare, 111-20
Farmers’ focus group (Winchester, September 2004),
246-53
farmer’s perspective see fish farmer’s perspective
FAWC see Farm Animal Welfare Council
FEAP see Federation of European Aquaculture
Producers
fear, 61-7
alarm behaviours, 63-6
anti-anxiety drugs, 66-7
anti-predator response, 64-5
avoidance studies, 64
behavioural responses, 63—6
benzodiazepines, 66—7
chlordiazepoxide, 67
conditioning, 62-3
consciousness, 65
defining, 50
drugs, anti-anxiety, 66—7
innate, 62-3
learned, 62-3
learnt avoidance studies, 64
light stimulus studies, 65-6
neuronal control mechanisms, 62-3
physiological responses, 63—6
Federation of European Aquaculture Producers
(FEAP), 105
feed management, fish farmer’s perspective, 104
feed withdrawal, 222
ammonia, 220
effects on diseases, 196
flavours, 219
gut bacteria, 220-1
pre-harvest, 219-21
taste effect, 219
feed, witholding, ornamental fish, 276
feedback control system, feeding, 28
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feeding

feedback control system, 28

indicators, 249, 251, 255
feeding/fasting, ammonia toxicity, 158
feeding schedule, fin erosion, 137-8
feeling well, scientific philosophies, 12-13
fin condition, stocking density, 116
fin erosion

abrasion, 132-3

aetiology, 141

analysis variation, 125-6

assessing, 124-6

behavioural effects, 129-30

causes, 130-1

defining, 121-2

diseases, 128-9

extent of problem, 123

factors affecting, 136-9

farmed fish, 121-49

feeding schedule, 137-8

vs fin rot, 122

fins affected, 1267

fish species and size, 138

functional impairment, 129-30

genetics, 138-9

handling, 131-2

healing, 135-6

historical background, 123—4

impacts, 127-30

indicators, 247-8

infection, 134

injuries, 128

management practices, 141-2

nipping, 131

nutrition, 134-5, 137-8

ontogeny, 127

physiological effects, 129

physiological status, 139

prevalence, 123

progression, 127

regeneration, 135-6

sensory information, 130

species affected, 122-3

stocking density, 1367

stress, 135

subjectivity, 125

sunburn, 133

temperature, 139

transport, 131-2

unit construction/design, 137

water current, 137

water quality, 133

welfare indicator?, 139-40

welfare issue?, 127-30
fin rot, vs fin erosion, 122

fish farmer’s perspective, 101-10
best practice, 108-9
challenges, 109
commitment, 104-5
disease control, 103—4
disease treatment, 107-8
environmental control/monitoring, 103
feed management, 104
legislation, 107-8
management skills/training, 104
objectives, 109-10
on-farm welfare interactions, 102—4
perceived welfare issues, 105
reality, 106
responsibility for welfare, 106—7
site selection, 102-3
stakeholder action/achievement, 107-8
stress control, 104
trout farming, 102

Fish Veterinary Society meeting (Edinburgh,

November 2004), 253-9
flavours, feed withdrawal, 219
focus groups see stakeholder focus groups

functioning well, scientific philosophies, 13—15

furunculosis
vaccination, 199
water quality, 175

Gadus morhua (cod), behaviour, 26
gas supersaturation
recommendations, 166
water quality, 166
genetic modification, ornamental fish, 276
genetics, fin erosion, 138-9
gill cover defects, 207
gut bacteria, feed withdrawal, 220-1

handling, fin erosion, 131-2
harvest, 217-42
crowding, 221-6
feed withdrawal, 219-21
light effects, 225
medicines withdrawal, 218-19
nets, 2234, 226-7
preparations, 217-21
pumps, 227-8
removing fish, 226-8
stress, 224-5
water quality, 225-6
heart abnormalities, 202-5
abnormal position, 203—4
morphology, 202-3
other, 204-5
septum transversum absence, 204
heavy metals, water quality, 170, 177
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high/low stocking density, 115-16
HPA axis see hypothalamic—pituitary—adrenal axis
HPI axis see hypothalamus—pituitary—interrenal axis
human activities, adverse, 22-3
human resources demands, diseases, 196
husbandry systems
indicators, 250-1
welfare improvement strategies, 27—8
hyperoxia, 152-3
hypothalamic—pituitary—adrenal (HPA) axis,
stress, 13
hypothalamus, neuroanatomy/neurophysiology, 52
hypothalamus—pituitary—interrenal (HPI) axis, stress
response, 34, 35, 36

IHNV see infectious haematopoietic necrosis virus
improving welfare, strategies for, 25-8
in vivo observations, pain, 60—1
indicators
autopsy-based sampling, 256
awareness indicators, sedation/stunning/slaughter,
230-1, 232
behaviour, 248, 255
branding, 261
communication, 261
consumer perceptions, 261, 265-6
day-to-day, 255-6
diseases, 249
disturbance, 251
duty of care, 250-1
environmental quality, 254-5, 263
farm records, 257, 263—4
feeding, 249, 251, 255
fin erosion, 247-8
husbandry systems, 250-1
mortality, 249, 256
on-farm welfare assessment, 243-67
OWIs, 262-3
post-harvest measures, 256-7, 264
priorities, 259-60
research tools, 256
sampling, 256, 264
species specific considerations, 261-2
stakeholder focus groups, 243-67
standards, 260-1
stocking density, 249
stockmanship, 257-8, 264
water quality, 174, 246-7, 250, 254-5
infection, fin erosion, 134
infectious haematopoietic necrosis virus (IHNV),
128-9
infectious pancreatic necrosis (IPN), water quality,
175
injuries, 67-8
fin erosion, 128

inspectors, 252

International Air Transport Association (IATA)
Live Animal Regulations, ornamental fish,
278

ionic strength of water, ammonia toxicity, 158

IPN see infectious pancreatic necrosis

jaw deformities, 207-9
killing see slaughter

learned fear, 62-3
learning/memory
associative learning, 82
social learning, 86-7
spatial, 87
suffering, 82
learnt avoidance studies
fear, 64
pain, 61
legislation
Agriculture (Miscellaneous Provisions) Act 1968,
94
animal welfare, 9-10
Animal Welfare Act (2006), 9
Convention on International Trade in Endangered
Species (CITES), 280
Council Directive 2006/88/EC, 108
enforcement, 967
farmed fish, 93-8
fish farmer’s perspective, 107-8
influences, 96
International Air Transport Association (IATA)
Live Animal Regulations, 278
new welfare Acts, 96
other approaches to improving animal welfare, 97-8
Protection of Animals Act (1911), 934
Protection of Animals (Scotland) Act (1912), 934
transport, 95, 108, 187-9, 252, 265
Welfare of Animals (Slaughter or Killing)
Regulations (1995), 95
Welfare of Animals (Transport) (England) Order
(2006), 95
Welfare of Animals (Transport) Order 2006
(WATO), 187-8, 277
Welfare of Animals (Transport) (Scotland)
Regulations (2006), 95
Welfare of Animals (Transport) (Wales) Order
(2007), 95, 108
Welfare of Farmed Animals Regulations (2000),
94-5
Welfare of Farmed Animals (Scotland) Regulations
(2000), 94-5
lesions, brain, behavioural changes, 84—6
life history morphology changes, 26
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life stage/size, ammonia toxicity, 158

light effects, harvest, 225

light stimulus studies, fear, 65-6

live chilling, sedation/stunning/slaughter, 233-5
liver abnormalities, 205-6

low/high stocking density, 115-16

MAC see Marine Aquarium Council
management skills/training, fish farmer’s perspective,
104
Marine Aquarium Council (MAC), ornamental fish,
2734

maximum residue limit (MRL), medicines, 218-19
measuring fish welfare, 23-5
measuring stress, 35-41
medicines

see also diseases

environmental constraints, 197

lack of, 196-7, 2512

MRL, 218-19

organic constraints, 198

retailer constraints, 198

side effects, 197

treatments delay, 198

welfare implications, 196-8
medicines withdrawal

harvest, 218-19

periods, 197-8
memory/learning see learning/memory
methaemoglobinaemia

nitrite, 160

water quality, 160
migration, 114
monitoring welfare

transport, 193

water quality, 172, 175-8
moral philosophy, animal welfare, 8-9
moribund/dying fish, diseases, 195
morphology changes, life history, 26
morphology indicator, water quality, 174
mortality

indicators, 249, 256

ornamental fish, 277, 278-80, 281-2
MRL see maximum residue limit

narcosis

assessing, 230-1

carbon dioxide, 231-3

defining, 230
natural lives, scientific philosophies, 11-12
nerves, pain see nociceptor anatomy
nest-building, sows, 11-14
nets, harvest, 223-4, 226-7
neuroanatomy/neurophysiology, assessing

consciousness and sentience, 52-3

neuroendocrine components, stress response, 34, 36,
42

neuronal control mechanisms, fear, 62-3
nipping, fin erosion, 131
nitrate, water quality, 162
nitrite

bicarbonate, 161

bromide, 161

DO, 161

existing recommendations, 162

methaemoglobinaemia, 160

toxicity, 161-2

water quality, 159-62
nociception studies, pain, 49-50, 54-6
nociceptor anatomy, pain, 53—4
nociceptor properties, pain, 54—6
noxious stimuli response, behavioural changes, 601,

83-6

nutrition

distribution, 137-8

feed management, 104

feedback control system, 28

feeding schedule, 137-8

fin erosion, 134-5, 137-8

ration, 137-8

OATA see Ornamental Aquatic Trade
Association
objectives, fish farmer’s perspective, 109-10
OCD see opercular complex deformity
Office International des Epizooties (OIE), legislation
influences, 15, 96
offloading, transport to slaughter, 229-30
OIE see Office International des Epizooties
on-farm welfare assessment
indicators, 243-67
stakeholder focus groups, 243-67
on-farm welfare interactions, fish farmer’s
perspective, 102—4
operational welfare indicators (OWIs), 262-3
opercular complex deformity (OCD), 207
opioids, pain, 59-60, 60-1
organic constraints, medicines, 198
Ornamental Aquatic Trade Association (OATA), 272,
286-7, 288
ornamental fish, 271-90
air transport, 278-80
arrival at destination, 282-3
CAWC, 271-2, 274
CITES, 280
collecting from the wild, 273-5
cosmetic manipulation, 275-6
culling, 273
defining, 271-2
diseases, 283-5
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environmental issues, 274-5
environmental needs, 286
EU, entry into, 280-1
fish health, 283-5
general considerations, 285-7
genetic modification, 276
hobbyist premises, 283
housing space, 286
International Air Transport Association (IATA)
Live Animal Regulations, 278
‘life stages’, 287
MAC, 273-4
mixing species, 286
mortality, 277, 278-80, 281-2
OATA, 272, 2867, 288
cf. other companion animals, 288
pre-transport handling, 277-8
production, 272-3
Project Piaba, 275
trade bodies, 271-2, 2734
trade statistics, 272
transport, 276-83
transport losses, 278-80, 281-2
veterinary profession, 289
way forward, 289
wholesaler premises, 2823
withholding food, 276
OWIs see operational welfare indicators
oxygen, dissolved see dissolved oxygen

pain, 53-61
algesics/analgesics studies, 601, 83
avoidance studies, 61
brain structures, 56-9
endogenous substances, 59-60
enkephalins, 59-60
learnt avoidance studies, 61
nociceptor anatomy, 53—4
nociceptor properties, 54—6
opioids, 59-60, 60-1
RFamide-related peptide family, 60
in vivo observations, 60—1
pallium, neuroanatomy/neurophysiology, 52
perceived welfare issues, fish farmer’s perspective,
105
percussive stunning, 235-6
pH
ammonia toxicity, 157
water quality, 1667, 168
physical condition, measuring fish welfare,
23-5
physical damage, transport, 191
physiological effects
fin erosion, 129
transport, 191

physiological responses, fear, 63—6
physiological status

fin erosion, 139

measuring fish welfare, 23-5

stress response, 367, 42
pigs, nest-building, 11-14
ponds, stocking density, 112—13
post-harvest measures, indicators, 256-7, 264
pre-transport handling, ornamental fish, 277-8
priorities, indicators, 259-60
production backlogs, 2523
production diseases, treatments, 199
production indicator, water quality, 174
Project Piaba, ornamental fish, 275
prolonged stress response, adverse effects, 35
Protection of Animals Act (1911), 934
Protection of Animals (Scotland) Act (1912), 93-4
pug nose (brachygnathia), 208-9
pumps, harvest, 227-8

Quality Trout UK, quality standard, 105
quality, water see water quality

raceways, stocking density, 112-13

rainbow trout (farmed), water quality, 150-84

rainbow trout fry syndrome (RTFES), 129

reality, fish farmer’s perspective, 106

regulations see legislation

religions, animal welfare, 7-8

removing fish, harvest, 226-8

research

animal welfare, 15
electrical stunning, 97, 237-8

research background, suffering, 78-80

research tools, indicators, 256

responsibility for welfare, fish farmer’s perspective,
106-7

retailer constraints, medicines, 198

Retailers, NGOs and Governmental organisations’
focus group (London, January 2005), 259-62

RFamide-related peptide family, pain, 60

risk-taking, behavioural variation, 27

road transporters, 185-6

role, veterinarians/biologists, 28-9

Royal Society for the Prevention of Cruelty to
Animals (RSPCA), transport, 188

RSPCA see Royal Society for the Prevention of
Cruelty to Animals

RTFS see rainbow trout fry syndrome

Salmo salar (Atlantic salmon), stocking density, 26,
114
salmonids
behavioural variation, 26-7
stocking density, farmed salmonids, 111-20
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Salvelinus alpinus (Arctic charr), stocking density,
25-6
sampling
autopsy-based, 256, 264
indicators, 256, 264
schooling behaviour, stocking density, 114, 115
science application, animal welfare, 10-15
scientific philosophies
animal welfare, 11-15
feeling well, 12-13
functioning well, 13-15
natural lives, 11-12
Scotland
Code of Good Practice for Scottish Fin Fish
Aquaculture, 105
Strategic Framework for Scottish Aquaculture in
2003, 97-8
voluntary welfare code, 97-8, 105
screamer disease, 207-8
sea lice, treatments, 198-9
sedation, 230-8
assessing, 230-1
awareness indicators, 230-1, 232
selecting fish, welfare improvement, 25-7
selective breeding, stress response, 41-2
sensory information, fin erosion, 130
sentience, 10
assessing, 50-3
behaviour, 50-2
neuroanatomy/neurophysiology, 52-3
SERs see somatosensory evoked responses
side effects, medicines, 197
site selection, fish farmer’s perspective, 102-3
skeletal system deformities, 206—12
aetiology, 210-12
gill cover defects, 207
jaw, 207-9
OCD, 207
pug nose (brachygnathia), 208-9
screamer disease, 207-8
spinal deformities, 209-12
slaughter, 230-8
awareness indicators, 230-1, 232
defining, 230
methods, 67
transport to, 228-30
Welfare of Animals (Slaughter or Killing)
Regulations (1995), 95
social interactions, stocking density, 115
social learning, suffering, 867
somatosensory evoked responses (SERs), awareness
indicators, 231, 232
sows, nest-building, 11-14
spatial learning/memory, 87
species, selecting, welfare improvement, 25-7

species specific considerations, indicators, 261-2
spinal deformities, 209-12
stakeholder action/achievement, fish farmer’s
perspective, 107-8
stakeholder focus groups
assessing welfare, 243-67
Farmers’ focus group (Winchester, September
2004), 246-53
Fish Veterinary Society meeting (Edinburgh,
November 2004), 253-9
on-farm trout welfare, 243-67
Retailers, NGOs and Governmental organisations’
focus group (London, January 2005), 259-62
standardisation, water quality, 172
standards, indicators, 260—1
starving see feed withdrawal
stocking density
behaviour, 113-14, 115
cages, 112
chickens research, 116
controlling, 117
diseases, 115
epidemiological approach, 116
farmed salmonids, 111-20
fin condition, 116
fin erosion, 1367
indicators, 249
low/high, 115-16
ponds, 112-13
raceways, 112—13
Salmo salar (Atlantic salmon), 26, 114
Salvelinus alpinus (Arctic charr), 25-6
schooling behaviour, 114, 115
social interactions, 115
tanks, 112-13
water quality, 115
welfare relationship, 114—17
stockmanship, indicators, 257-8, 264
Strategic Framework for Scottish Aquaculture in
2003, voluntary welfare code, 97-8
strategies, welfare improvement, 25-8
assessment indices, 28
defining conditions, 27
husbandry systems, 27-8
selecting fish, 25-7
strategy, AH&WS, 9
stress
ameliorating, 41-2
ammonia toxicity, 158
detecting, 35-41
fin erosion, 135
harvest, 224-5
live chilling, 233-5
measuring, 35-41
percussive stunning, 235-6
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scientific philosophies, 13-15
transport, 190
transport to slaughter, 228-9
stress control, fish farmer’s perspective, 104
stress response, 32-48
adaptive significance, 33
adverse effects, 35
allostasis, 33
behavioural changes, 35, 60-1, 83-6
cognitive processes, 35
coping strategies, 33, 35
cortisol, 34, 37-41
defining, 33
domestication, 41-2
in fish, 33-5
HPI axis, 34, 35, 36
neuroendocrine components, 34, 36, 42
physiological status, 367, 42
primary, 34, 36
prolonged, 35
reducing, 41-2
secondary, 34-5, 36-7
selective breeding, 41-2
terminology, 33
tertiary, 37
variations, 40—1
stunning, 230-8
assessing, 230-1
awareness indicators, 230-1, 232
defining, 230
electrical, 97, 237-8
percussive, 235-6
suffering, 78-92
associative learning, 82
cognitive capacities, 86—7
consciousness, 79, 82, 87
learning/memory, 82
research background, 78-80
social learning, 86-7
sunburn, fin erosion, 133
swim bladder abnormalities, 205

tail rot, vs fin erosion, 122
tanks, stocking density, 112—13
taste effect, feed withdrawal, 219
telencephalon, neuroanatomy/neurophysiology, 52
temperature

ammonia toxicity, 157

existing recommendations, 169

fin erosion, 139

live chilling, 233-5

water quality, 168-9
transport, 185-94

air freight, 187

air transport, ornamental fish, 278-80

diseases, 191-2

FAWC, 188, 189

fin erosion, 131-2

fish factors, 189

guidance, 187-9

human factors, 190

impacts, 189-92

impacts, minimising, 192-3

legislation, 95, 108, 187-9, 252, 265

monitoring welfare, 193

non-fish factors, 189

offloading, 229-30

ornamental fish, 276-83

physical damage, 191

physiological effects, 191

road transporters, 185-6

RSPCA, 188

to slaughter, 228-30

stress, 190, 228-9

systems, 185-7

water quality, 190-1

well boats, 186, 228-30
treatments delay, medicines, 198
treatments examples, diseases, 198-200
trout farming, fish farmer’s perspective, 102

unit construction/design, fin erosion, 137

vaccination, furunculosis, 199
vacuum pumps, harvest, 227-8
venturi pumps, harvest, 227
VERs see visual evoked responses
veterinarians
ornamental fish, 289
role, 28-9, 289
visual evoked responses (VERS), awareness
indicators, 231, 232
in vivo observations, pain, 60—1
voluntary welfare code, Scotland, 97-8, 105

water current, fin erosion, 137
water flow, water quality, 170-1
water quality, 150-84

acidity, 166-7

aeration, 228-9

alkalinity, 167

ammonia, 153-9

animal-based parameters, 173-5

bacterial gill disease, 174-5

behaviour indicator, 174

BKD, 175

buffering, 168

calcium and magnesium carbonate, 168

carbon dioxide, 1624, 229

cause for concern, 171
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water quality (cont.)
conductivity, 169-70
diseases, 174-5, 195-6
diseases treatments, 200
DO, 151-3, 156-7, 161, 228-9
environment-based parameters, 172-3
fin erosion, 133
furunculosis, 175
gas supersaturation, 166
hardness, 168
harvest, 225-6
heavy metals, 170, 177
indicators, 174, 246-7, 250, 254-5
IPN, 175
management options, 175-8
methaemoglobinaemia, 160
monitoring welfare, 172, 175-8
morphology indicator, 174
nitrate, 162
nitrite, 159-62
parameters, 150-1
parameters, animal-based, 173-5
parameters, environment-based, 172-3
parameters, ranking, 171
pH, 166-7, 168
production indicator, 174
standardisation, 172
stocking density, 115
temperature, 168-9

transport, 190-1
transport to slaughter, 228-9
trout welfare, safeguarding, 175-8
water chemistry limits, 176-7
water flow, 170-1
WATO see Welfare of Animals (Transport) Order 2006
welfare
concept, 19-21
defining, 19-21, 24
Welfare of Animals (Slaughter or Killing) Regulations
(1995), 95
Welfare of Animals (Transport) (England) Order
(2006), 95
Welfare of Animals (Transport) Order 2006 (WATO),
187-8, 277
Welfare of Animals (Transport) (Scotland)
Regulations (2006), 95
Welfare of Animals (Transport) (Wales) Order (2007),
95, 108
Welfare of Farmed Animals Regulations (2000), 94-5
Welfare of Farmed Animals (Scotland) Regulations
(2000), 94-5
well boats, 186
transport to slaughter, 228-30
wild fish implications, diseases, 196
withdrawal see feed withdrawal; medicines
withdrawal
withholding food, ornamental fish, 276
World Animal Health Organisation (OIE), 15, 96



